In this research, we present a simple and successful route for synthesis titania nanoparticles by controlled sol-gel progress. Chitosan as bio-template is involved in the progress of preparation to increase the surface area and manipulate defined particle and pore structure. The crystalline behavior and the nanostructure of the prepared nanoparticles were investigated using X-ray diffraction [XRD] and transmission electron microscope [TEM]. The crystalline results have pointed out the predominant existence of anatase phase that reveals the successful role of chitosan in stabilizing titania nanoparticles and preventing the growth of these particles into rutile phase. It is obvious to notice that a change in sample crystallography from anatase to completely amorphous nanoparticles upon adsorption of malachite green dye indicates a strong adsorption of this dye that destroys the crystalline feature of titania sample. TEM analysis reveals the existence of spherical nanoparticles with size about 25 nm. The adsorption isotherm indicates the adsorption capacity 6.3 mg•g −1 TiO2. The value of enthalpy change (∆H˚) for malachite green dye adsorption is 19 kJ/mol, which indicates that the removal process is endothermic. The adsorption process follows pseudo-second order rate equation and the negative values of standard free energy (∆G˚) suggest that the adsorption process is spontaneous.
Introduction
The extensive uses of industrial dyes in the fields of paints, cosmetics and food industry are accompanied by various risks on human health due to the stability and toxicity of these organic materials [1] - [3] . The effective removal of dyes from effluent is considered one of the environmental challenges in the recent years. Malachite green (MG) (Color Index No: 42,000) is one of triphenylmethane dyes, a green crystal powder with a metallic luster, highly soluble in water and ethanol with blue-green solutions [4] . Malachite green (MG) has numerous industrial applications (dyeing of silk, leather, plastics and paper). Their appearance is harmful for humans and animals following inhalation and/or ingestion [5] , produces toxicity to respiratory system and reduces fertility in humans [6] . The triphenylmethane dyes biodegradation due to presence of nitrogen in their back bone (generate carcinogenic, genotoxic, mutagenic and teratogenic problems) is a difficult task [7] . MG has high resistance to light and oxidizing agents, while its removal based on biological treatment and chemical precipitation has low efficiency [8] . It is now established that TiO 2 is considered a promising semiconductor that is extensively involved in removal of several toxic organic containments through both adsorption and photocatalytic process due to the stability of its chemical structure, biocompatibility, strong oxidizing power, non-toxicity and low cost of the metal precursors [9] - [14] . TiO 2 can be only triggered by UV radiation that encompasses only about 4% -5% of natural solar radiation due to its wide band gap energy (3.2 eV). This defect limits the industrialization of this powder. Moreover, the mineralization processes through various redox reactions are encountered by the rapid recombination of the charge carriers. Another major defect in the preparation of nano titanium oxide through sol-gel route is the rapid hydrolysis of titanium alkoxide salts that lead to irregular condensation of hydroxide particles into amorphous solid [15] . This random condensation of particles is the primary cause for obtaining irregular particle and pore structure.
It is generally accepted that the existence of active template can manipulate the particle and pore structure to facilitate the diffusion of organic containments inside the pore as well as on the oxide surface. Most of the surfactants that are involved in the preparation of nanoparticles exhibit high degree of toxicity that affects human health and cause several environmental risks. Recently, chitosan which is available in large quantity in nature, non-toxic and biocompatible can be considered as excellent natural cationic polysaccharide biopolymer that is involved in synthesis of nanoparticles of ZnO andTiO 2 . It is interesting to mention that chitosan molecules possess large number of reactive hydroxyl (-OH) and amino (-NH 2 ) groups which can effectively co-ordinate with various metal ions. It is a best issue to manipulate various oxide structures. Moreover, these natural molecules can prevent nanoparticles from agglomeration during growth, improving the adsorption capacity of the sample and can overcome the difficulty in separation and recovery of nanosized powder materials [16] [17] . Chitosan is reported as excellent adsorbent in removal of various organic dyes [18] [19] .
The research work is concerned with investigation of the reactivity of TiO 2 nanoparticles in removal of malachite green as model pollutant dye. The crystalline feature of the synthesized sample was performed by XRD techniques. However, the nanostructure was investigated by TEM. The removal of the malachite green dye was studied over wide range of dye concentrations and different dosage of catalyst sample. Adsorption isotherms are studied using Freundlich, Langmuir, Temkin and Dubinin models to indicate the mechanism of adsorption and estimate the maximum adsorption capacity and correlation coefficients. The kinetics of adsorption process is well investigated using different models as pseudo first order, pseudo second order, Elovich, Morris and Weber.
Materials and Methods

Materials
All chemicals including chitosan, titanium isopropoxide and malachite green dye were purchased from SigmaAldrich without further purification. Properties of investigated dye are listed in 
Instrumentation
X-ray diffraction patterns were carried out by XRD-6100 X-ray diffractometer, with CuKα (λ = 1.5406 Å) radiation in the 2θ range from 5˚ to 90˚. The scanning mode is continuous with scan speed 2 deg /min, the sampling pitch 0.02 deg and the preset time 0.6 s.
The nanostructure of TiO 2 rods before and after adsorption was investigated by Transmission electron microscope (JEOL, JEM-1200X II).
The reaction was followed spectrophotometrically at λ max = 617 nm for malachite green dye using thermostated Evolution 300 UV-VIS spectrophotometer. 4 starts to be detected. The sol was stirred for two hours and left for two days for condensation of sol particles into gel. The gel particles were collected by filtration and washed with distilled water several times. After washing, the final product was dried at 100˚C for 24 hours. The dried powder was calcined in high temperature furnace at 500˚C for three hours to transform Ti(OH) 4 into TiO 2 nanoparticles.
Adsorption Studies
The equilibrium isotherm of a specific adsorbent represents its adsorptive characteristics and is very important to the design of adsorption processes. Experiments for the estimation of the adsorption isotherms of (MG) dye onto TiO 2 nanoparticles were performed by adding fixed amounts of TiO 2 powder to a series of Erlenmeyer flasks, each containing dye solutions of concentrations (3.6 -22 mg/L). The vessels were then agitated using shaker for 30 min. at room temperature (30˚C) to attain equilibrium. Then, 5 ml of suspension was withdrawn and adsorbent was removed by centrifugation for 5 minutes at 1800 rpm. Supernant concentration was determined spectrophotometrically. The amount of dye adsorbed onto TiO 2 nanoparticles was calculated based on the following mass balance equation:
where q e is the adsorption capacity (mg dye adsorbed onto the mass unit of TiO 2 , mg/g), V is the volume of the dye solution (L), C o and C e (mg/L) are initial and equilibrium dye concentrations, and m (g) is the mass of dry TiO 2 added. The equilibrium relationship between the quantity of adsorbate per unit of adsorbent (q e ) and its equilibrium solution concentration (C e ) at a constant-temperature is known as the adsorption isotherm. Several isotherm models have been developed for evaluating the equilibrium adsorption of compounds from solutions such as Langmuir, Freundlich, Helsey, Dubinin-Radushkevich, Temkin, etc. Moreover, the kinetics of dye adsorption is investigated using pseudo-first order, pseudo-second order, Elovich and Weber-Morris models.
Results and Discussion
XRD
XRD analysis was performed to assess the nature and size of titania crystalline phases. Figure 1 illustrate the diffraction pattern of titania prepared in presence and absence of chitosan to explore the influence of the bio-template on titania crystalline features. On examining Figure 1 , one can observe several titania crystalline It is obvious to notice several diffraction peaks referred only to anatase phase in the sample prepared in presence of chitosan revealing the successful role of chitosan in preventing the particles agglomeration and inhibiting the rutile phase transformation. Also Figure 1 shows a change in sample crystallography from anatase to completely amorphous nanoparticles upon adsorption of malachite dye indicates a strong adsorption of this dye that destroys the crystalline feature of titania sample.
TEM
TEM is considered a powerful tool in determining the nanostructure of the prepared sample. It is clear that titania nanoparticles exist in spherical structure with size about 25 nm, Figure 2(a) . It is interesting to notice from Figure 2 (b) that the malachite dye is strongly attached to titania nanoparticles as various rods linked to titania nanoparticles.
Dye Adsorption Analysis
Malachite green dye was taken as pollutants models to investigate the adsorption capacity of TiO 2 nanoparticles.
Effect Contact Time
Equilibrium time is one of the important parameters to design a low cost adsorbent for removal of organic wastes. The adsorption of malachite green dye onto TiO 2 was studied as a function of contact time to determine the necessary adsorption equilibrium time. The results reveal that about 85% of malachite green dye was adsorbed in 30 minutes, Figure 3. 
Effect of TiO2 Dose
The amount of solid catalyst is important parameter for detection of adsorption capacity of solid in removing organic wastes. A rapid uptake of pollutants and establishment of equilibrium in a short period signify the efficiency of the solid in removal of various organic pollutants. The effect of TiO 2 dose on adsorption of malachite green dye was investigated in range of 0.1 -0.4 g/100 ml at fixed amount of dye and contact time = 30 min. The removal of dye increases with increase catalyst amount, Figure 4 . 
Effect of Dye Concentration
The initial concentration of adsorbate also plays an important role as a given mass of the adsorbent can adsorb only a fixed amount of the solute. Batch adsorption experiments were carried out by shaking the adsorbent with an aqueous solution of the dye of desired concentration in corning glass bottles at 30˚C. The adsorption capacity of malachite green dye increased from 1.01 to 17.5 mg•g −1 upon increase in dye concentration as indicated in Figure 5 . Several authors reported that dye removal by TiO 2 increased with increases dye concentration up to optimum value. 
Adsorption Isotherm Models
The equilibrium data of malachite analyzed by fitting them into Langmuir, Freundlich and Temkin equation to find out the suitable model that may be used for design consideration. Table 2 summarizes the constants and coefficients of different models.
Langmuir Isotherm
The Langmuir isotherm assumes the absence of any interactions between adsorbate molecules and the adsorption process is account for monolayer formation. The linear form of the Langmuir isotherm, assuming monolayer adsorption on a homogeneous adsorbent surface, is expressed as follows [20] : ) is the maximum adsorption capacity of the adsorbent corresponding to monolayer formation and illustrates the maximum value of q e that can be attained as C e is increased. The b parameter is a coefficient related to the energy of adsorption and increases with increasing strength of the adsorption bond. Values of q max and b are determined from the linear regression plot of (C e /q e ) versus C e , Figure 6(a) . Linear plot in negative direction indicates that Langmuir model fails to explain the process of adsorption and absence of formation of monolayer.
Freundlich Isotherm
It is well established that the Freundlich isotherm is often applied to heterogeneous solid catalyst. The Freundlich equilibrium isotherm equation is an empirical relation involved for the description of multilayer adsorption with interaction between adsorbed molecules. The Freundlich equation [21] is expressed as follows in its linear form: 1 log log log 
Temkin Isotherm
The Temkin model takes into the account adsorbing species-adsorbent interactions. This isotherm proposed that the heat of adsorption of all the molecules in the layer decreases linearly with coverage due to adsorbent-adsorbate interactions and the adsorption is characterized by a uniform distribution of binding energies, up to some maximum binding energy. The linear Temkin [22] α and β are calculated from the slope and intercept of q e versus lnC e , Figure 6 (c). The Temkin equation better holds for the prediction of gas phase equilibria rather than liquid phase. The liquid phase is a more complex phenomenon since the adsorbed molecules do not necessarily organized in a tightly packed structure with identical orientation. Linear plot and high regression value suggest the successful model in explaining the adsorption mechanism. 
The Dubinin Radushkevich Isotherm
This model is involved to estimate the porosity, free energy and the characteristics of adsorbents [23] . The isotherm assumes the surface heterogeneity and the variation of adsorption potential during sorption process. The model has commonly been applied in the following linear Equation: ) as shown in Figure 6 (d). Table 2 summarizes Dubinin constants. The mean free energy of adsorption (E) which is energy require to transfer one mole of the dye from infinity in solution to the surface of the solid can be calculated from the B value using the following relation
The value of energy is about 912.87 J/mole revealing physisorption of malachite on titania nanoparticles.
Adsorption Kinetics
Adsorption of organic dyes on metal oxide surface are influenced by three mass transfer process which are external diffusion of dye molecules from liquid phase to the solid surface, actual adsorption and intraparticle diffusion of dye molecules in the interior of pores. The adsorption process is usually very fast rather than internal and external diffusion. It is well known that the adsorption equilibrium is reached within several minutes. However, the long adsorption equilibrium time suggests that the internal diffusion controls the reaction rate.
Kinetics is key factor for adsorption investigation because it can predict the rate at which a pollutant is removed from aqueous solution and provides valuable data for understanding the mechanism of adsorption process. Several models are available to investigate the adsorption mechanism and description based on experimental data such as pseudo-first order, pseudo-second order, intramolecular diffusion and Elovich models. The pseudo-first order adsorption rate [24] and pseudo-second order adsorption rate [25] have the following linear forms ) is the amount of dye adsorbed on surface at time t (min). The adsorption rate constant, k 1 and q e were calculated from the plot of log(q e − q t ) vs t, Figure 7(a) , and are listed in Table 3 . ) is pseudo second order rate constant. The plot of t/q t vs t is shown in Figure 7(b) . The values of q e and k 2 are listed in Table 3 . Although correlation coefficient of pseudo first order kinetics (0.988) is not lower than that of second order kinetics (0.999) but q e calculated from plot (6.369) is more consistent with q exp (6.25) . Consequently pseudo second order kinetics is fitted.
Intraparticle diffusion
The limiting step in dye adsorption may be either the boundary film formation or intraparticle (pore) diffusion of the dye on the solid surface from bulk of solution. Weber and Morris explain the diffusion mechanism through the following equation [26] 
) is the intercept that its value provides information about the thickness of boundary layer. k id is intraparticle diffusion rate constant (mg•g . It is interesting to notice that two straight lines, Figure 7 (c), are obtained, reflecting that intraparticle diffusion is not only the rate determine step. However, film diffusion can be the limiting rate stage. The constant "C" that measure a thickness of boundary film is found to be 2.2.
Elovich It is another rate equation in which the absorbing surface is heterogeneous [27] . It is represented as ) which are calculated from intercept and slope of plot q t versus lnt, Figure  7 
(d).
Another modeling for investigating the dynamic behavior of the system was performed using Reichenberg equation [28] ( )
where F is the fractional attainment of equilibrium at different times (t) and B t is a function of F as follows: ) at time t and equilibrium, respectively. B t is involved for calculation of diffusion coefficient
where "r" is the radius of the adsorbent particle assuming spherical shape. The plot of B t against time is linear and has zero intercept, when the pore diffusion controls the rate of mass transfer. It is should be emphasized that nonlinear or linear plots with intercept value different than the zero indicate that film-diffusion may controls the adsorption rate. It is interesting to notice in Figure 7 (e) that the relation between B t and time is linear [R 2 = 0.953] with small intercept (1.6). This result reveals that film diffusion may be essential factor in controlling adsorption process.
Adsorption Thermodynamics
Adsorption at different temperature is usually indicated the favorability of the adsorption process. The effect of temperature on the dye adsorption onto TiO 2 nanoparticles was studied. The obtained data showed that the adsorption capacity increased with increasing the temperature from 308 K to 318 K, Figure 8 , indicating the endothermic nature of dye adsorption [29] [30] . Thermodynamic parameters such as, free energy change (∆G˚), enthalpy (∆H˚) and entropy (∆S˚) were evaluated to confirm the nature of adsorption of malachite green on TiO 2 nanoparticles. Thermodynamic parameters were calculated by the Van't Hoff equation
From the slope and intercept of Van't Hoff plot, the value of ∆H˚ and ∆S˚ was calculated. The Gibbs free energy change ∆G˚ was calculated using the following equation and are listed in Table 4 .
The positive values of ∆H˚ and ∆S˚ show that the adsorption process is endothermic with increasing the randomness of the system [31] . The negative value of free energy indicates that the adsorption process is spontaneous. Moreover, the value of free energy became more negative with raise in temperature suggesting that the adsorption became more favorable at higher temperatures. This is similar to results reported earlier [30] . 
Photodegradation of Malachite Green Dye
Conclusion
The results obtained in this research reflect the potentiality of TiO 2 nanosphere as an excellent adsorbent for removal of malachite green dye. The structure, crystalline and morphology feature of TiO 2 nanoparticles were investigated using XRD and TEM techniques. The influence of reaction parameters as initial dye concentration, temperature, catalyst dosage and shaking time on dye adsorption was investigated. The strong adsorption ability of the TiO 2 nanoparticles is ascribed to the electrostatic attractions between negative surface of the metal oxide and the cationic dyes. TEM results reflect the existence of spherical nanoparticles of high surface area that can involve in removal of large number of dye molecules. Spherical TiO 2 nanoparticles can be considered a good candidate for adsorption and removal of various organic pollutants.
